Sixty-nine patients with Parkinson's disease were randomly allocated in a trial to compare the therapeutic effects of levodopa and amantadine. The patients were assessed clinically and scored by occupational therapy tasks and degrees of disability. Both drugs were used for 2 months; in the first 4 weeks the doses were gradually increased to 400 mg of amantadine or 4 g of levodopa respectively, and in the second 4 weeks' period the maximum tolerated dose was maintained throughout. Fourteen patients withdrew and these were excluded from the series. Of the fifty-five patients who completed the trial, thirty-four were taking levodopa and twenty-one amantadine.
Introduction
Previous authors have attempted to compare the relative value of amantadine and levodopa in the treatment of Parkinson's disease (Fieschi et al., 1970) . Both of these drugs have been proven to be of use but Hunter et al. (1970) considered that amantadine is less effective than levodopa. Other workers (Rao & Pearce, 1971) have found the value of amantadine to be comparable with that of levodopa. In 1970 we reported (Dallos et al.) the results of a double blind trial of amantadine 200 mg daily used with a placebo and found it to be of moderate but definite value. We therefore decided to use the patients from this trial to compare the effects of amantadine in a larger dose of 400 mg daily against levodopa 4 g daily.
Method
Sixty-nine patients were treated with amantadine or levodopa; forty-two were given levodopa ,twentyseven amantadine. Forty-two of the patients had taken part in the previous trial and there were twenty-seven new patients. Eighteen of the 'old' patients had been taking amantadine and twentyfour had been on the placebo, and half of each of these were randomly allocated either to the increased dose of amantadine or levodopa. New patients were similarly divided but there was some bias in favour of levodopa. The following dosage scheme was planned: the patients on amantadine were started on 100 mg daily for the first week and the dose was increased by 100 mg daily each successive week till they were taking 400 mg daily. During the second month this dose was maintained. Similarly, the patients on levodopa were given 1 g in the first week and 2, 3 and 4 g daily in the successive weeks and during the second month of the trial it was planned to give 4 g daily throughout.
Although we had planned to compare the effects of levodopa 4 g daily with amantadine 400 mg daily, the majority ofpatients were not able to tolerate these doses and eventually the results compared patients on the maximum tolerated dose of each drug. On amantadine these were 200 mg daily in three patients, 300 mg daily in two patients, and 400 mg daily in sixteen patients. The maximum tolerated dose of levodopa was 0.25-1 g daily in five patients, 1.5-2-0 g in fifteen patients and 2-4 g in fourteen patients.
Fifty percent of the levodopa group but only 30%o of the amantadine group were men. There was no marked difference in the ages of the two groups; the average age of the levodopa group was 62.4 years and the amantadine group 63.5 years. used in the previous trial (Dallos et al., 1970) The effects of the drugs on the scores for rigidity, tremor and akinesia both separately and combined at weekly intervals, are shown in Table 2 (a-d). Rigidity showed continuous steady improvement with levodopa throughout the 8 weeks, whereas in patients taking amantadine, rigidity improved till 6 weeks after which a mild deterioration occurred. At the end of 8 weeks, the levodopa group had improved 41 % and the ama.ntadine group 32%. Similar results were found in the assessments of tremor and akinesia in both of which the effects of the drugs were parallel up to 5 weeks after which slight deterioration occurred in those on amantadine. After 8 weeks' treatment, tremor had improved 36% in levodopa cases and 19% in amantadine patients. Akinesia improved 27% on levodopa and 20%o on amantadine.
The combined scores showed the same general trend, the percentage improvements being 33 and 23 respectively.
The results for disability and occupational therapy tasks which were assessed at monthly intervals are shown in Table 3 . These show the difference in the efficacy of the two drugs. This difference is statistically significant in the disability scores but only of borderline significance in the OT tests. The combined scores show differences of intermediate value.
The total scores are shown in Table 4 . It will be seen that the levodopa cases improved by 26% as against 15% for amantadine. This difference is significant at P<0O02 level.
As regards the degree of improvement we found that three patients on levodopa but none on amantadine made a 50% improvement in the total score (see Table 5 ). Twelve on levodopa and one on amantadine showed improvement between 30/ and 49%o and eleven on levodopa and fifteen on amantadine improved between 10% and 29%. Eight patients on levodopa and five on amantadine were unchanged.
Side-effects Amantadine
Nineteen of the twenty-one patients taking amantadine 400 mg daily had side-effects and four had to discontinue treatment. The others responded to reduction of the dose. All side-effects occurred in doses exceeding 200 mg/day and most of them on 400 mg/day. Four patients, all of whom had been previously treated by psychiatrists, developed severe mental symptoms and treatment had to be dis- Postural hypotension with falls of more than 20 mmHg systolic and diastolic blood pressure occurred in seventeen cases. In eleven patients the hypotension was asymptomatic but in six cases symptoms occurred. The fall of systolic blood pressure varied from 20 to 70 mmHg (the commonest being 30 mmHg) and the fall of diastolic blood pressure from 20 to 30 mmHg (the commonest being 20 mmHg). The variation of blood pressures were the same whether or not symptoms occurred. The dose of levodopa was reduced in five patients with symptoms but the blood pressure of the sixth patient rose without reduction. The fall in blood pressure was not related to the initial level.
Three patients noted transient brown body fluids during the first or second week of treatment. One noted brown smoky urine, another brown vaginal discharge and a third patient brown saliva. Investigations in all three failed, to reveal bleeding as the cause.
Discussion
The therapeutic effects of amantadine and levodopa were compared at their maximum tolerated dose levels. In our previous report (Dallos et al., 1970) amantadine in a dose of 200 mg daily was found to improve all facets of parkinsonism by 20% over 4 weeks; side effects were negligible.
In the present trial we used 400 mg amantadine daily and found that when it was tolerated the increased therapeutic benefit compared with 200 mg daily was insignificant. Side-effects were severe in nineteen patients and required the reduction of dose to 200 mg daily in thirteen and discontinuation of treatment in four because of psychiatric symptoms. The latter were patients with a previous history of anxiety and depression.
The commonest side-effect was swelling of the ankles and this has been reported previously by Parkes et al. (1970) . Shealy, Weeth & Mercier (1970) reported livedo reticularis developing in patients on amantadine in association with oedema and we have also seen several instances though not in patients in this series. The concurrence of livedo and oedema supports the view that the latter may be due to damage to the capillaries.
In all the cases on amantadine optimal effect was obtained in 5 weeks and usually maintained at a slightly lower level thereafter. Drug interaction was observed between amantadine and both anticholinergic and sympathomimetic drugs, the former producing visual hallucinations and the latter retention of urine and an agitated mental state; Schwab, Poskanzer & Young (1969) also described this interaction with anticholinergic drugs.
From our results we recommend that amantadine should not be given in doses greater than 200 mg daily; nor should it be administered to patients with a previous history of severe anxiety or depression. It may well be the drug of choice in postencephalitic parkinsonism where tolerance to levodopa has been found to be reduced (Hunter et al., 1970) . Two of our patients could not even tolerate 500 mg of levodopa daily although they improved on amantadine.
Levodopa is the more effective drug and Fieschi et al. (1970) obtained twice the degree of improvement than with amantadine. Although our results were less favourable than theirs, it should be noted that all the levodopa-treated cases in our series were severely disabled and their disability score was higher than the scores of the patients treated with amantadine.
Side-effects with levodopa were many and required frequent re-adjustment of dose. Hughes et al. (1971) reported a similar range of side effects. Gastrointestinal, mental and circulatory symptoms occurred in the earlier stages and involuntary movements in the later stages. The latter was the commoner reason for discontinuation of levodopa.
In view of our findings of three patients with brown secretions, we consider that patients should be warned of the occurrence of these as a possible sideeffect. Sandler, Karonum & Ruthers (1970) suggested that this might be due to breakdown products such as homogentisic acid.
Drug interaction also occurred between levodopa and anticholinergic drugs producing visual hallucinations. Levodopa acts synergistically with reserpine and methyldopa in lowering the blood pressure. This was found to be advantageous in hypertensive patients as it allowed for reduction or discontinuation of hypotensive drugs which might potentially aggravate parkinsonism by depleting dopamine stores in the basal ganglia.
After 8 weeks on levodopa the treatment was often not stabilized and neither optimal benefit nor optimal dosage were established. Levodopa is a slowacting drug that requires long-term supervision as side-effects also were often late in appearing.
This trial, a sequel to one demonstrating the early effectiveness of amantadine either alone or with standard anti-parkinsonian drugs, confirms the results of the first trial. For a true comparison of effectiveness of amantadine and levodopa the 2-month period proved too short to demonstrate the final improvement on levodopa. Nevertheless the trial clearly showed the overall superiority of the latter drug.
